Abstract: Forty-seven completed and partially dug grizzly bear (Ursus arctos) dens were examined in Banff National Park, Alberta, Canada, in 1975-76. The following environmental parameters were measured or estimated at most den sites: slope, aspect, altitude, soils, vegetation, snow accumulation, and age. Most environmental parameters studied had low variability. They appeared to be important in relation to dens that were physically stable for at least 1 winter, and where snow accumulation and perhaps thermal inversion contributed to energy conservation within the den. When environmental parameters associated with dens in Banff Park are compared with those found for grizzly/brown bear dens elsewhere, some parameters, such as slope angle and snow accumulation, are similar; others, such as elevation and aspect, are dissimilar. Despite the differences, which appear to be due to local biogeoclimatic factors, a comparison of data from various areas yields a consistent, general picture of the ecology of grizzly bear den sites.
Characteristics of grizzly bear winter dens were first described in the scientific literature by Murie (1944 Murie ( , 1961 and Clarke (1944) . In Banff National Park, our study area, McCowan (1936) reported that grizzlies denned at high elelvations, but he gave no further details. Today a fairly extensive literature describes aspects of grizzly/brown bear winter den ecology in different biogeoclimatic zones (Ustinov 1960 In northern latitudes, winter dens are normally dug into the earth and certain environmental parameters related to the den sites appear to be reasonably consistent from area to area. Examples of these parameters are: slope angle where the den is dug, snow-holding ability of the site, and drainage of the soil. Exceptions are the 10 undug dens that were found in rock caves located on the north slope of the Brooks Range (Quimby 1974 ). Other environmental parameters associated with dug dens, such as compass orientation and altitude, vary from one area to another. In a broad perspective, grizzly/brown bears in northern latitudes appear to pre;ler dens that will remain physically stable for the duration of at least 1 winter and where snow and accumulation contributes to energy conservation by the bear during hibernation.
Because den site selection by grizzly bears depends partly on local conditions, certain environmental parameters of the den sites are different in each biogeoclimatic zone. For this reason, persons responsible for managing grizzly bears in a given biogeoclimatic zone require specific information on den site ecology. The present study, which was undertaken within the boundaries of Banff National Park, was intended to identify specific den locations and conditions and to describe environmental parameters that could be used to predict 
STUDY AREA
The physiography of Banff National Park is one of extreme relief. The lowest valley bottoms lie at 1,300 m above sea level, and the higher summits extend up to 3,000-3,500 m. The mountain system consists of a complex series of parallel-aligned ranges: the eastern mountains comprising the Front Ranges are separated by a major thrust fault from the mountains of the western Main Ranges. Important climatic and vegetative differences are associated with these different mountain ranges.
The climate is continental, and over much of the park the air masses are dry, humidity is low, and precipitation and snowfall are low, especially toward the Front Ranges. Annual and winter temperatures are low, and there is a wide range in daily maximum and minimum temperatures and in seasonal temperatures. The continentality of the climate decreases westward into the Main Ranges and with increasing elevation. Here there is greater total precipitation and deeper snowfall. The maximum precipitation occurs in winter.
BEARS-THEIR BIOLOGY AND MANAGEMENT
Several biogeoclimatic zones occur in Banff National Park (Ogilvie 1976 ): the Douglas-Fir Forest Zone (1,200-1,500 m) on the warm, dry, southerly-facing slopes; the Subalpine Forest Zone (1,300-2,300 m) which forms an extensive forest band from valley bottom to timberline; and the Alpine Zone (2,200-3,000 m) above timberline.
Banff National Park covers 6,564 km2; approximately a third of this area (2,188 km2) was surveyed from a helicopter in our search for dens. Intensive exploration for dens took place both from helicopter and on foot throughout a 128 km2 portion of the study area. Winter den sites of grizzly bears were found within the Upper Subzone of the Subalpine Biogeoclimatic Zone at 2,000-2,300 m. Here, the total precipitation and snowfall are high, and the growing season is brief. The continuous forest becomes diffused with glade openings and is fragmented into islands at higher elevations. Ultimately it becomes small scattered colonies of dwarf krummholz. The tree species forming the forest are subalpine fir (Abies lasiocarpa), subalpine larch (Larix lyallii), Engelmann spruce (Picea engelmannii), and whitebark pine (Pinus albicaulis). The most widespread plant associations of this subzone are the grouseberry (Vaccinium scoparium )-heather (Phyllodoce spp.-Cassiope tetragona) association and the false azalea (Menziesia ferruginea)-rhododendron (Rhododendron albiflorum) association. Avalanche tracks cutting into this forest are dominated by the tall herb-grass meadow (Elymus spp.-Bromus spp.) association on southwesterly slopes and the willow (Salix spp.) association on northeasterly slopes.
METHODS
In April 1975, we began helicopter flights to acquire information on winter den sites and early spring movements of grizzly bears. We found the first den on 9 May 1975. Discovery of this den gave us a preliminary idea of the environmental parameters related to choice of den sites. From then on, we employed a combination of aerial searches supplemented by ground searches to discover dens.
Dens were visible from the helicopter when snow was on the ground in spring (3 dens) and also during nonsnow seasons (8 dens). A pile of tailings material accumulated during den excavation extended 3-7 m below what we assumed were completed dens. Whenever the vegetation was sufficiently open and there was no snow on the ground, these tailings piles were easily seen from a helicopter.
Once a den site was discovered by aerial search, it and the surrounding area were thoroughly explored on foot.
Normally, a helicopter was used for morning placement of personnel near a suspected den sit.
One group of dens was found in response to observations made by a Banff townsite resident. Another den was found during a study of grizzly bear food habits and habitat preferences.
Our methods for discovering dens were subject to certain biases. Although we were unlikely to find dens that were well hidden in trees, many dens were discovered in forested areas. These discoveries, however, usually occurred after a den was located in a nearby open or semi-open area. We also searched forested areas that we thought had appropriate environmental conditions for dens but where no dens had been seen from the air. The biases could be checked through the use of biotelemetry, but at the time of the study the park had a policy of not employing this technique.
Another bias of the study was the different intensity of search effort accorded to various areas of the park. Some portions, especially the Cascade Valley, were searched intensively, other areas less intensively, and some possible denning habitat has not yet been searched.
Each den site was eventually examined on the ground. While there, we numbered and photographed the den site and recorded environmental parameters. A clinometer was used to record slope angle and a steel tape was used to take standardized measurements of the den. Altitude was estimated with a pocket altimeter that had been set that morning in Banff. Exposure was recorded by taking a compass bearing. Estimates were made of the relative abundance of different species within tree, shrub, herbaceous, and ground layers near the den. In one instance, measured plot analysis was carried out.
The soil profile was examined from a newly exposed section at the den opening for horizon, depth, color, texture, structure, and consistency. The soil morphology and classification were based on criteria of the Canadian Soils Classification System (Canada Department of Agriculture 1974).
RESULTS
Results reported in this paper are for the period 20 April 1975-20 November 1976. During this time we recorded data for 47 den sites. Twenty-nine of these were judged to be completed dens, previously used by grizzly bears during winter. The remainder were partially dug dens, most likely made by grizzly bears but probably not used during winter. These partially dug dens averaged 1.1 m in overall length. They usually did not have a chamber.
We assumed that a den had been used during a winter consider a misjudgment unlikely. During the past 3 years of field work on grizzly bears in Banff Park, numerous day beds were found. These beds were always shallow excavations very unlike winter dens. Also, most sites where we found dens were not foraging areas, except perhaps casually near the den site.
Ages of Dens
The dens that we found were estimated to be of various ages (Table 1 ). The age of most of those dens 
Partially Excavated Dens
The partially dug dens that we found were all located near completed dens. They appeared to be excavations that grizzlies had begun but had abandoned when unsuitable microenvironmental conditions were encountered. Often a large rock blocked further excavation. In altitude, aspect, and slope angle, partially dug dens did not appear to differ from completed ones. Because of the environmental similarity between partially dug and completed dens, data on both are presented together.
ENVIRONMENTAL PARAMETERS OF DEN SITES
Altitude, Aspect, and Thermal Inversion Both types of dens were found within a rather narrow altitudinal band (Fig. 2) . The distribution approximated a statistically normal one, except for skewing on the low elevation end. The sharper cut-off at higher elevations was probably due to such environmental factors as increased stoniness of ground, shallow soils, and exposure to wind near ridgetops. Both types of dens were usually located quite high up in the valley sides but were beneath the ridge crests (Fig. 3) . The aspects of 36 of 47 den sites were between 45? (NE) and 112.5? (ESE) (Fig. 4) . The wind force vectors for Calgary, the nearest area for which such data are synthesized, are also shown in Fig. 4 . The strongest wind force vector comes from the west and the most frequent den site aspect was eastward, exactly to leeward of the west wind. Den sites were located on leeward slopes, within zones of inferred snow deposition.
MOUNTAIN
Thermal inversion is another environmental variable that may be related to the altitude of den locations. Soils are well-drained; wet-seepage soils are avoided. The typical den may be located in diverse geological bedrocks and parent materials. Shallow bedrock soils are avoided. The soils have a wide range of stoniness and amounts of sand, silt, and clay. Extremes of soil textures are avoided, e.g., massive rock blocks or very fine clays. The structural coherence of the soil mass is variable, ranging from weak to strong. Weakly coherent soils may be structurally reinforced by a network of roots of trees, shrubs, and herbs and by being frozen during winter usage of the den.
Aberrant Dens
Some dens varied so much from the norm that special mention is required.
One den was much lower in elevation (1,769 m) than the others. The roof of this den was formed by a substantial root of a spruce tree. Then den was large enough to have been used and could have been either a black bear or grizzly bear den.
Five dens were oriented either southerly or northwesterly, possibly exposing them to strong wind or winter sun. We have an impression that local microclimatic factors (such as nearby ridges) lessened the potential adverse effects of wind. However, some of these dens did not seem to be as climatically buffered as were most dens.
Two dens located about 40 m apart appeared to have collapsed during their first winter. When we found them they appeared to be less than a year old. One was probably unused and the other used for a month or two before it collapsed. Near these sites, 38 trees had broken limbs or boles. Limbs were removed to a height of 4.6 m, apparently indicating that the bear had climbed the trees since maximum snow depths would not have exceeded 2 m. A substantial ground bed, at least 30 cm thick when we examined it during late summer, was located in front of 1 den. We surmised that the bear had spent the remainder of the winter or spring on this bed. 
Observations of Grizzly Bears at a Den

DISCUSSION
This project was designed to conform to a Banff National Park policy directive that requested all possible information on winter den sites of grizzly bears but did not allow direct disturbance of the bears in any way. Because biotelemetry was not used, most of our work was necessarily inferential. We may have oversampled dens which were visible from the helicopter, and undersampled dens obscured by trees or thick shrubbery. We focused on the study of environmental parameters associated with den sites.
As was found in coastal Alaska (Lentfer et al. 1972 ), in the interior Yukon (Pearson 1975) , and on the Arctic coast (Harding 1976 ), helicopter or fixed-wing aircraft is an efficient tool to help locate dens. In Banff National Park, it was profitably combined with searches on foot.
Most of the den sites that we investigated were older than a year. We found that most dens begin to disintegrate after the first winter and that after 75-100 years they are difficult to detect, even with experience. Reuse of dens in our area is unlikely because of collapse.
Environmental parameters associated with den sites were quite consistent in our study area. Dens of grizzly bears in Banff National Park appeared to be situated in areas when a deep insulating layer of snow would accumulate at the den entrance and above, and where the soils were cohesive enough during the first winter to maintain the physical stability of the den. The stored heat of the earth and the metabolic heat of the bear appear to have been conserved within the den.
The vegetative type widely used for winter dens is the grouseberry-heather association. Deep snow accumulates between widely spaced trees or in the glade openings in the stand. Another vegetative type frequently used for denning is the grass and forb meadows on avalanche tracks cut into the closed subalpine forest stands. Fewer dens were found in the krummholz shrub meadows and in the herb meadow glade openings. Some dens were found at lower elevations in the closed mature forest of the false azalea-rhododendron tall shrub vegetation type.
A common feature of all these vegetative types is the deep and long-lasting snow accumulation that we infer was associated with them. The specific action of avalanching in some of these communities is of importance here. The elevation of many dens and their locations on the leeward side of mountains often put them near the trigger zones of winter avalanches. Although the avalanche near the release point may pass directly over a den, it is unlikely that winter avalanches would often remove the snow cover to a depth that would seriously affect the insulation of the den. Winter avalanches of major size in the study area are normally released by a soft slab breaking in the trigger zone. This soft slab is usually only the upper layer of the snowpack. At these elevations, also, not many days would elapse after a surface avalanche released until a new layer of snow would be deposited, either by snowfall, wind action, or both, and any loss of insulation would be restored. After the avalanche has gained enough momentum going down the mountain, it will move the entire snowpack, but this would happen only at elevations lower than where grizzly dens are normally located.
The type of avalanche that does take the snow to the ground at elevations where dens are located is the wet spring avalanche. This type, however, is not likely to be a problem to the bears since it occurs in late spring, after the bears have left the dens.
Of the considerable diversity of soils and parent materials at the den sites, some common features should be mentioned. The soil profile types -Podzolic, Brunisolic, Chernozemic, and Regosolic -are all well drained; there are no Organic, Gleysolic, or Alluvial profiles. Soil texture, structure, stoniness, and consistency are highly variable, ranging from fine loams to coarse rock fragments and from loose coherence to very firm consistency. There are numerous combinations of these soil physical factors that can provide the requisite stability for dens during a single winter occupancy: a minimum amount of structural coherence of the rock fragments and fine soil particles, combined with the binding effect of a dense network of roots of trees, shrubs, and sod-grasses, along with the solidifying effect of the frozen soil mass.
There is no relationship between the dens and the bedrock geology. A wide range of rock types occur: limestones, shales, sandstones, conglomerates, and quartzites.
When the environmental parameters associated with den sites in Banff National Park are compared with those found elsewhere, a fairly consistent picture of denning ecology emerges. Environmental parameters are either consistent from area to area or much of the variability can be explained by considering local biogeographic conditions, the experience of a given bear, and perhaps human influence both today and over many generations.
Rock cave dens as found by Quimby (1974) 
